Abstract-The effect of the existence of infill walls on the earthquake performance of a structure is one of the main research areas in terms of seismic safety. This study present a performance based approach to the entrenched procedures for seismic design of buildings contained in standards as Turkish Seismic Code. In this manner, an existing 55 years old industrial R.C. building in Eskisehir, Turkey was modelled and performance-based seismic design deal with the verification of seismic performance uttered in terms of limit states defined in Turkish Seismic Code. Three dimensional finite elements modelling of the building was created based on the measurements and observations on site. SAP2000 was utilized to make earthquake analysis of the 3-D numerical model of the building. According to the results from the performance evaluation of entire building; the contribution of the infill walls to the strength and stiffness of entire structure can be easily demonstrated. These results from performance based design procedure indicate that infill walls in this building are the main reason why this insufficient building in terms of earthquake resistance has been survived for many years under effective earthquakes.
I. INTRODUCTION
Turkey is one of the most earthquakes occurred countries and suffered from some of the worst earthquakes in the world. Especially North-western part of Turkey which is the county's most densely populated region and industrial heartland has been struck by major earthquakes in history. The most powerful earthquake to hit Turkey is Izmit Earthquake, on 17 August 1999 measured 7.4 on the Richter scale and continued 45 seconds, killing around 17,000 people and cause 500,000 people homeless [1] .
Most codes require that all new buildings must be able to survive after a major earthquake [2] . The building can crack, tilt and even be declared unfit for future use but it must not totally collapse [3] . In Turkish Seismic Code (TSC), the crucial factor to fix life losses at a certain low level is about the building code itself and its application in casual life [4] . The main aim of the code is to define the minimum requirements for seismic design and construction of reinforced or steel etc... buildings and structures which is subjected to earthquake ground motion. The code requirements must be applicable to newly constructed Manuscript received February 13, 2017 buildings as well as to existing old buildings [4] . The general principle of the code is to limit the damage in structural elements and to prevent the total collapse of buildings in major earthquakes in order to avoid the loss of life. On the other hand, effect of the infill walls on the earthquake performance of a structure is one of the main research areas in terms of seismic safety [5] . Behavior of a R.C. building with infill walls under seismic loads should be modeled to consider the effect of the infill walls on the seismic performance of the structure [6] .
II. METHOD
Investigation and evaluation of earthquake performance of the existing building are carried out according to the essentials for TSC [4] . The building which is investigated in this paper can be assessed according to the rules that defined in relevant section of the code. After an earthquake causing damage in the building, and then to determine the earthquake performance of the strengthened building, essentials given in the code will be used.
First of all, all necessary data have to be collected from the building by measurements to be achieved on the building such the geometry and details of the R.C. elements and materials to be used in determining the capacities of the elements of the existing building [7] . The collected data from the investigation of the buildings determine the information level of the buildings which can be classified as limited, medium and comprehensive where the limited level is defined as there is not any projects of the structural system about the building. Characteristics of materials and existing materials strengths used in the building were determined by collecting at least two samples of borehole concrete from columns and beams. Reinforcement details can be determined according to the visual examination and performing test on the rebar samples. According to the test results, characteristic yield strength of the rebar can be taken as the existing steel strength which is taken into calculations of the element capacities [8] . Information Level Coefficients to be used in the calculation of element capacities can be obtained from the investigated building so it is taken as 0.75 for limited information level.
Performance-based seismic design deal with the verification of seismic performance uttered in terms of limit states defined below [9] . Marked Damage Region, those in-between GV and GÇ are in Advanced Damage Region, and those going beyond GÇ are within Collapsing Region given in Fig. 1 [4] . Fig. 1 . Sectional damaged areas according to [4] .
In order to be able to decide which damage zone the sections are in, it is first necessary to determine internal forces and/or deformations using linear elastic calculation methods or linear non-elastic calculation methods [10] . After this process, the sections are compared with the numerical values with damage limits to define proper damage zone considering the most damaged section.
A. General Principles Related to Earthquake Damage Determination
Elastic acceleration spectrum (non-reduced) will be used for the definition of the earthquake. Building Importance Factor (I =1.0) varied in terms of the purpose of occupancy or building type will not be applied in the seismic calculation. Earthquake forces act on the building in both directions and on both sides separately. The ground parameters such as soil group and local site class were to be considered that will be used in seismic calculations, were have been determined according to Turkish Seismic Code [4] . In the building calculation process, the slabs were assumed as rigid diaphragms on the horizontal axis (z) and any additional eccentricity had not been applied [11] . Information level coefficient of the building was used to identify some deficiencies or uncertainty on the load-bearing systems. All of the columns in the building were defined in the structural model with their free heights. Confinement zones at the beam-column connections can be considered as infinitely rigid end [12] . In reinforced concrete elements under bending effect, Active bending rigidities (EI) e of the cracked sections should be used. In order to do this, the rigidity values given below should be replaced for active bending rigidities [4] For the case of insufficient coupling or splicing length in structural members, yield tensile of the reinforcement should be reduced in proportion as the shortening in length.
III. CASE STUDY
The earthquake performance of a 55 year old reinforced concrete structure was determined by using the Equivalent Seismic Load Method, which is one of the linear elastic calculation methods described before [13] . The examined building with 6-storey which is divided into administrative and production parts was built in 1962 as a flour factory and the production was stopped in 2003 (Fig. 2) . 
A. Three Dimensional Finite Element Modelling of the Building
A 6 story R.C. building presented below as a case study to define the effect of the infill walls on the seismic performance of an old building. Three dimensional finite element modelling of the building was created based on the measurements and observations on site. SAP2000 was utilized to make earthquake analysis of the structure [14] . 3-D numerical model of the building was consisting of beams, columns, slabs and walls are shown in Fig. 3 . All beams and columns of the building were considered as frame elements whereas slabs were thin plates and walls were shell elements. Process to be used for the seismic analysis of building is equivalent seismic load method and modal analysis to determine earthquake performance of the building with and without infill walls. According to the first results from the observations on site, columns dimensions are not adequate whereas concrete quality was also poor. Adhesion between steel rebar and concrete is not sufficient to prevent pull-out failure. Information about the building is given in Table I . Plan view at the first floor of the models is given in Fig. 4 . The structure were analyzed and according to axial load level of the columns Active bending rigidities (EI) e of the cracked sections calculated by interpolation between 0.40 and 0.80 values using the Eq. 1 below and given in the Table II [4]:
Effect / capacity ratio of ductile beam, column and walls are calculated by dividing the section moment calculated under seismic load by taking R a = 1 to over moment capacity. On the calculation of effect / capacity direction of the earthquake can be taken into consideration [4] .
According to TSC [4] , over moment capacities which are the difference between bending moment capacity and moment effect calculated on the section under gravity loads of the all beams in the structure were calculated. All of the beams are the same dimensions and tensile and compressive reinforcement are the same thence moment capacity at point i is equal but negative sign to point j and it can be calculated with Eq. 2 and 3 given in below [4] :
Over moment capacities (M R ) and redundant moment capacities (M D ) of the sections on the direction X and Y can be calculated and only X direction beams are given in Table  III. Redundant moment capacity M A and corresponding axial force N A defined as follows [4] :
And effect / capacity ratios (r) of columns and walls may be defined as follows [4] :
where M D or N D is known from gravity load design and M E or N E is known from seismic design. Moment and axial force capacities of the column sections (M K , N K ) as the coordinates of K intersection point in Fig. 5 is obtained from geometrically or using the equations [4] . 
B. Determination of the Normal Force and Bending Moment Capacities of Columns
The calculation of the normal force and bending moment capacities of columns for the direction X and Y were achieved according to [4] . In the performance calculation, the ground and first floor connections were checked in this way only the normal force and bending moment capacities of these joints were calculated in Table IV . Because two different column dimension also two different column capacity exist and calculated as N r1 = 545.70 kN and N r2 =577.20 kN. Shear force control were performed in accordance with the bending capacity at critical sections of structural system components. Columns, beams and walls are to be assumed ductile, V e shear force have to be calculated in accordance with the bending capacity in the critical sections with respect to bending capacity of the critical sections which calculated shear capacity V r will not exceed. Shear force controls compatible with bending capacity of columns were achieved for X and Y directions. Similarly shear force controls compatible with bending capacity of beams were achieved for both directions. All calculated V r values are more than all V e than all of the beams in the structure are ductile.
C. Performance Evaluation for Structural Elements
As a result of analysis made on model created in Sap2000, M E values were obtained and "effect / capacity ratios" (r) of beams were calculated using redundant moment capacity M A . Performance evaluation of beams have been performed using M E and M A defined in Eq. 5 and effect / capacity ratios (r) which defınes the boundary of the damage for concrete beams were calculated. Similarly, effect / capacity ratio of infilled walls are the shearing force strength of shearing force calculated under the effect of earthquake.
Using the calculated normal force (N K ) and moment (M K ) capacities of the columns, effect / capacity ratios (r) of the columns were calculated and the boundaries of the damage for columns were determined [4] .
The most damaged section is taken into account while the boundary of the damage of any column is determined. MN, GV and GC intermediate values were found by interpolation.
As a result of the performance analysis with linear elastic calculation methods of the existing infilled building, the percentages of damages of beams and columns calculated under the effect of earthquakes in both directions are given in Table V . Especially at the ground floor of the building, it is a big problem that some of the structural elements of the system are in the Collapsing Region. IV. CONCLUSIONS
The following concluding remarks were obtained as a result of Performance based design evaluation performed on a 55 years old building:
The existing old industrial R.C. building was modelled 3-D and analyzed by SAP2000 to make earthquake analysis of the structure. All of the reinforcements are rusty plain bars affected by corrosion while yield strength of steel reinforcement bars is almost 160 MPa. Meanwhile, average compressive strength of the concrete samples taken from the building is almost 8 ~ 10 MPa. In fact, earthquake safety of a building depends on using material quality beside structural factors.
Performance evaluation of the building was achieved and the effect of infill walls on the seismic performance of the structure has been investigated. According to the results from the performance evaluation of entire building; 71.4% of the columns are in Marked Damage Region (BHB) for X direction and 39.0% for Y direction while 3.6% of the columns are in Collapsing Region (IHB) for X direction and 0% for Y direction. On the other hand, the same model without any infill wall (Brick, white stone or concrete) was analyzed then all of the columns and beams would have been in Advanced Damage Region or Collapsing Region for both X and Y directions. As a result, the contribution of the infill walls to the strength and stiffness of entire structure can be easily demonstrated. These results from performance based design procedure indicate that infill walls in the building are the main reason why this insufficient building in terms of earthquake resistance has been survived since 55 years.
